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An experimental determination of eddy current probe fields can be useful in 
several areas of nondestructive evaluation (NDE). In a very practica! 
sense, a field map or profile is a good tool for examining the variations 
in probe performance. We show that probes of nominally identica! construc-
tion can produce very different magnetic fields. Flaw inversion work in 
quantitative eddy current NDE requires an accurate knowledge of the near 
field produced by a probe. With the techniques developed in this experiment 
we have been able to map fields in considerable detail. We have done some 
experimental verification of theoretical models for fields produced by air 
core probes and mapped the fields of ferrite core probes which are difficult 
to calculate. 
In an earlier paper we described a system that coupled a room temperature 
search coil to the input coil of a Superconducting Quantum Interference 
Device (SQUID) in liquid helium [1]. This system has been used for mapping 
ac magnetic fields of eddy current probes. Preliminary measurements showed 
the system to be very sensitive and, in fact, it was necessary to decrease 
the input signal to the SQUID to avoid overloading the instrument. In the 
first experiments there were unresolved difficulties typical of new and 
developing systems. These included noise, the necessity to develop techni-
ques for winding very small search coils, and the limited frequency range 
of the SQUID. For the measurements reported in this paper we have addressed 
some of these problems. Extensive shielding was implemented, which reduced 
the noise pickup from electromagnetic interference and enabled us to 
measure ac signals in the nanovolt range. Techniques were developed that 
allow us to reliably produce search coils with diameters less than 0.4 mm. 
Further work on extending the usable frequency range of the SQUID depends 
on the development and/or purchase of new electronics and control systems. 
Measurements were made to compare the SQUID system to more conventional 
electronica. We found that, whereas the SQUID offered some advantages in 
sensitivity, the limited dynamic range and frequency response of the SQUID 
and the requirement for liquid helium made the system cumbersome and 
difficult to use. It is our conclusion that, with its present limitations, 
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the SQUID is probably not the instrument of choice for measuring ac magnetic 
fields in the kilohertz range or greater. Simpler, more conventional 
methods are available. We should mention that SQUID technology is still in 
its infancy and the electronica are being improved and expanded in frequency 
range at a great rate. There are applications such as low frequency ac or 
de field detection using multi-axis gradiometer coils, or detection at 
large distances from the testpiece, which would be difficult if not impossible 
to do with any device except a SQUID. These areas are still unexplored 
territory in NDE. 
The data presented here were taken with a conventional lock-in amplifier 
system, although the SQUID-based system would have served as well. 
MEASUREMENT TECHNIQUES AND APPARATUS 
The reduction in the size of the search coils from that of our earlier work 
[1] bas been considerable and this is reflected in the turns-area product2 
(n•A) of the coils. The search coil usid previously had an n•A of 226 mm . 
For the coils used here, n•A = 0.823 mm ; other specifications were: 
wire gauge (AWG) #44 
turns 10 
layers 2 
inner diameter 0.203 mm 
outer diameter 0.431 mm 
length 0.254 mm 
Eleven coils were attempted and six were successfully wound. 
In our efforts to develop smaller search coils we found that, as the coil 
size decreased, the stray pickup from electromagnetic interference approached 
the expected signal size and, in some cases, could completely obscure the 
signal. Our noise studies showed that two factors were the largest contribu-
tors to stray pickup: the presented area of the leads and the presented 
area of soldered joints in the leads. In order to minimize these problema 
two major improvements in coil design were implemented: (1) the leads were 
wound with a very tight twist pitch and (2) no joints were allowed between 
the leads and the coil. The leads from these small coils are 25 cm twisted 
pairs with a twist pitch of five turns per millimeter. This figure was 
determined experimentally and its determination was partly responsible for 
the high coil mortality during construction. 
Additional improvements included using differential inputs to the amplifier 
and shielding the leads and all joints. We were able to reduce the worst-
case pickup in the leads to 10% of the coil output at any given field 
strength. The shielding and other improvements were effective enough that 
measured signals agreed with calculated values within 4% for voltage 
induced in the search coils by a calibrated field. 
Two field mapping sensors were fabricated. One was used to sense the field 
parallel to the face of the eddy current probe (the tangential field); the 
second measured the field perpendicular to the probe face (the axial 
field). In order to have two similar field mapping sensors we calibrated 
each of the six search coils to find the two that were most closely matched. 
Each coil was calibrated by measuring the voltage induced in the coil by a 
calibrated Helmholtz pair over a range of magnetic field values. The _1 
Helmholtz pair bas a radius of 2.9 cm and a field constant of 384 ± 4 m 
We calculated the slope of coil voltage versus flux density (B) results, 
averaged this for three runs and selected two coils which had the most 
closely matched output. The overall calibration variation for the six 
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coils was 40%. This wide range appears to be the result of winding irregu-
larities, mostly related to packing of turns, in the coils. When coils 
with the highest and lowest calibration values are eliminated the remaining 
four coils varied by 14%, and the differen~e between the4two selected was 
2%. These coils had responses of 5.1 x 10 and 5.2 x 10 ~V/T at 10 kHz. 
The matched coils were used to assemble a pair of field mapping sensors 
consisting of one axial and one tangential sensor. In each case the leads 
had the same orientation with respect to the axis of the probe holder (Fig. 
1). This allows us to scan two orthogonal componenta of the magnetic field 
of the eddy current probes without changing the orientation of the search 
coil leads in the eddy current probe field. As expected, this makes the 
lead pickup signal nearly the same for the two sensors. 
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Figure lA. Axial field sensor. 
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Figure lB. Tangential field sensor. 
The scanning system used was a two axis (horizontal plane) computer con-
trolled positioner. The sensor holding arm was adjustable vertically by 
moving a bracket along a threaded rod and holding it in place with a lock 
nut. The horizontal translation was under computer control, as was the 
data collection which was taken along the radial scans of the probes. The 
lock nut and threaded rod system was not as precise as we wanted but seemed 
to perform adequately. 
MEASUREMENTS 
We measured the magnetic fields produced by four eddy current probes: 
2 air core absolute probes 
1 ferrite core absolute probe 
1 reflection or gradiometer probe 
with ferrite core pickup coils. 
Two types of scan were made for each probe. One measured the tangential 
field parallel to the probe face; the second measured the axial field 
perpendicular to the face. Scans were made along severa! radii at the face 
of the probes (Fig. 2) and the data were plotted by taking two radial scans 
180 degrees apart, to form a continuous profile across the face of the 
probe. The axial sensor was held 0.1 mm from the face of the eddy current 
probe so that its center was at the same location during the scan as the 
center of the tangential sensor. 
The two air core eddy current probes were nominally of the same construction, 
but during use it was found that the response of the two probes to the same 
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Figure 2. Scanning geometry of eddy current probes. 
defect varied by as much as 30% [2]. Field profiles of the probes showed 
no significant differences in the spatial distribution of the field but the 
magnitudes of the tangential field component varied by 10% for the same 
level of probe excitation current. The tangential field profiles are shown 
in Fig. 3. The variation in the axial component between the two probes was 
23%. This large variation is at least partially the result of a liftoff 
changc of the axial field sensor. Our present positioning system lacks 
precision in this dimension, and the fields fall off very rapidly with 
increasing liftoff. 
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Figure 3. Reduced tangential field for two nominally identical 
air core probes (radius = 1.6 mm). 
Measurements of the tangential component of the magnetic field for the two 
air core probes were compared to values calculated from the theory of Dodrl 
and Deeds [3]. The theoretical calculation was made for a liftoff of 0.7 
mm, which includea the built-in liftoff of the coils of each eddy current 
probe (0.5 mm) plus one sensor coi l radius (0.2 mm). Fig. 4 shows good 
agreement in the field distribution between theory (dashed) and experiment 
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Figure 4. Comparison of a theoretical calculation of the probe 
fields with the experimental data of fig. 3 
(solid). The peak values of the two experimental curvea differ by 10% and 
the peak of the lower experimental curve is within 20% of the calculated 
value. The measured position for the maximum field differs from the 
calculation by approximately 0.1 mm. This does not appear to be the result 
of backlash in the mechanical scanning system. A hysteresis of 0.1 mm 
would require more than 1/4 revolution of the lead screw, but this was not 
supported by visual observations. We suspect that the reason for the peak 
offset and the offset from zero at the beginning of the tangential field 
scan is spatial averaging by the finite dimensions of the search coils. 
In Fig. 5 we compare the field distribution of the ferrite core probe to 
that of the two air core probes. The average radius of the ferrite core 
probe is 1.9 mm. This is slightly larger than the radius of the air core 
probes which is 1.6 mm. The abscissa in Fig. 5 is the sensor position (R) 
normalized by the average coil radius (R ). The tangential field [H(r) 
in A/mm) is normalized by the coil excita!fon current (A). The peak field 
strength of the air core probes occurs at 1.41 R/R • The field concentra-
ting effect of the ferrite is evident in the large~v~agnitude and also the 
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Figure 5. Comparison of field measurements of air core 
and ferrite core probes 
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Figure 6. Tangential field of ferrite core probe at 1, 10, and 
100 kHz. The curves coincide at all positions. 
tighter field pattern of the ferrite core probe. Its peak value occurs at 
0.90 R/R 
avg 
The ferrite core probe was scanned at three frequencies (1,10, and 100 kHz) 
to check for frequency dependence of the field. We found no significant 
differences in the magnitude or shape of the field at these different 
frequencies. Some of the data are plotted in Fig. 6. 
The last probe we scanned was a reflection, or gradiometer, probe. Its 
construction is shown in Fig. 7. It consists of an outer air core excita-
tion coil and two inner ferrite core pickup coils which are connected in 
series opposition. The field profiles are shown in Fig. 8 for the tangen-
tial and axial fields. On each graph, one scan was made across the face of 
one of the ferrite core pickup coils and the other on a path between the 
two (90° from the first). The pickup coils are are open circuited for this 
measurement; power is to the excitation coil only. Clearly, the field 
produced by the air core excitation coil is distorted by the ferrite cores 
of the pickup coils. 
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Figure 7. Cross section of the reflection probe 
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Figure 8A. Tangential field profile 
of tbe reflection probe 
Figure 8B. Axial field profile of 
tbe reflection probe 
CONCLUSIONS 
Field mapping of eddy current probes bas been sbown to reveal differences 
in probes of nominally identica! construction. Field profiles of ferrite 
core probes are difficult to calculate but are necessary information for 
quantitative flaw inversion work. Using our tecbniques, these profiles can 
be measured directly. Better sbielding tecbniques have allowed us to use 
search coils with areas tbat are severa! orders of magnitude smaller tban 
those we used in earlier work. As a result, the resolution of our scans 
bas improved and field maps of eddy current probes are obtained with 
relative ease. 
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